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Introduction
The Intergroup-Sentinel-Mamma (INSEMA) trial (NCT02466737, GBG75, ABCSG43) is a prospective, randomised trial comparing sentinel lymph node biopsy (SLNB) versus no axillary surgery in patients with early invasive breast carcinoma (clinically/radiologically ≤ 5 cm; c/iT1-2 c/iN0) who are having breast conserving therapy (BCT) including postoperative whole breast irradiation (▶ Fig. 1 ). In a second phase, analogous to the ACOSOG Z0011 trial [1] , patients with sentinel lymph node positivity are randomised to either no further surgery or complete axillary lymph node dissection (ALND). The INSEMA trial is sponsored by the University Medicine Rostock; it is financed by the Deutsche Krebshilfe GmbH (German Cancer Aid Ltd); data management is performed by the German Breast Group (GBG) (Neu-Isenburg, Germany). Over 130 German trial centres recruit for both analyses; the "first patient in" was on 17.09.2015 in Rostock. On 09.03.2016 the first patient was recruited in Austria at the Salzburg centre. The remaining Austrian Breast & Colorectal Cancer Study Group (ABCSG) centres will only recruit for the second randomisation.
The rationale of the study is based on the available data at the time of protocolling (2011-2014) [2, 3] . This sees the removal of the axillary sentinel lymph node (SLN) in a critical lightat least in the context of BCT when lymph nodes are normal on palpation and ultrasound. Complete ALND appears to be of no benefit even to patients with one to two positive SLNs whereas avoidance of SLNB could reduce costs (marking, operative capacity, pathology), reduce axilla-related morbidity (e.g. lymphoedema) and improve quality of life [4] 
Study aims
Statistical analysis in the INSEMA trial is based on non-inferiority so that per protocol analysis is mainly performed. The primary outcome for both study questions is invasive disease-free survival. Secondary outcomes are overall survival, local and axillary recurrence rates and determination of actual applied radiotherapy dose at each axillary level. In addition, analyses of quality of life and translational research in the form of a biobanking program are integrated.
Approximately 6000 patients will be recruited in 130 trial centres in Germany and one in Austria for both INSEMA trial analyses. A further 10 ABCSG centres will contribute 800 cases exclusively for the second randomisation. The 1000th study patient was recruited on 22.06.2016, the INSEMA trial thus linking up with the SOUND study (Sentinel Node versus Observation After Axillary UltraSound, NCT02167490) [4] , which has been running since 2012. In the SOUND study 1560 patients with breast tumours up to 2 cm in size (T1 stage) and BCT are to be randomised 1 : 1 to axillary SLNB versus no axillary surgery. In contrast to the INSEMA trial the primary outcome measure is distant disease-free survival.
Results
A first analysis of patient characteristics (n = 1001) is summarised in ▶ Table 1 . The median age of the study population as a whole was 61 years, though there were somewhat more premenopausal women recruited to the non-SLNB group (< 50 years: 17.4 vs. 10.8 % in the SLNB group). Statistical analysis of the age distribution showed no significant difference between the groups (p = 0.051).
▶ Table 1 Selected patient characteristics of the first 1 001 INSEMA patients.
Parameter
Category SLNB (n = 800) No SLNB (n = 201) Total (n = 1 001) p-value After analysis of preoperative imaging 889 cases (88.9 %) were assigned to stage cT1 (≤ 2 cm) and 111 cases (11.1 %) to stage cT2 (> 2 cm). The vast majority of the 1001 breast carcinomas were hormone receptor positive (96.9 %). Only 8.5 % of all tumours were HER2 positive and only 5.4 % of all cases were G3 on tumour grading. These figures support the assumption that in Germany triple negative and HER2 positive tumours are currently more likely to be treated during neoadjuvant therapy.
In the SLNB arm (n = 755 after exclusion of drop-outs) the detection rate for the sentinel lymph node was 99.5 %. Pathology analysis of 751 SLNBs performed showed the following distribution of nodal status: 83.0 % pN0 (n = 623); 2.8 % micrometastasis (pN1mi; n = 21); 12.9 % with 1-2 macrometastases (n = 97); and 1.3 % ≥ 3 macrometastases (n = 10). Thus the case rate of 85.8 % without demonstrable axillary lymph node macrometastasis was significantly above the 70 % predicted at protocolling. This can be credited to the thorough preoperative workup at the trial centres (e.g. ultrasound ± axillary core biopsy) during INSEMA recruitment. On the other hand many breast centres (internationally too) currently achieve pN0 rates of around 80 % for SLNB through increased screening.
Discussion

Avoidance of SLNB and oncological safety
The oncological safety of avoiding SLNB is often questioned during informed consent to INSEMA trial participation. The request for maximal oncological safety from patients and relatives must be weighed up against the desire for adequate cosmesis in the axilla and the avoidance of operative morbidity. Studies from the pre-SLNB era compared ALND to no axillary surgery for clinically tumour-negative axillary lymph nodes. Case numbers were often low, however with adequate long-term follow-up these studies showed that although the rate of axillary recurrence is slightly in-creased, this does not affect disease-free survival or overall survival (▶ Table 2 ).
When discussing oncological safety it must be mentioned that the randomised trials that lead to the acceptance of SLNB in routine clinical practice had false negative rates of 5-8 %, which however did not influence disease-free or overall survival [5, 6] .
In the IBCSG 23-01 trial 931 patients with SLN micrometastases were randomised to either no further axillary surgery or complete axillary dissection [7] . After adequate systemic therapy, radiotherapy and a median follow-up of 5 years the locoregional recurrence rate (0.9 % in both arms), disease-free survival (87.8 vs. 84.4 %) and overall survival (98.0 vs. 97.6 %) were not significantly different. Since publication of these data complete axillary dissection has generally been avoidedeven outside of clinical trialswhen SLNB shows pN1mi (St. Gallen 2013 consensus recommendation) [8] .
Oncological safety with avoidance of complete axillary dissection despite SLNB tumour cell positivity
The ACOSOG Z0011 trial provides data on this subject that were first presented at the ASCO 2010 and brought up to date after extended follow-up at the ASCO 2016. In the Z0011 trial almost 900 patients with BCT and SLN micro-and macrometastases were randomised to either no further axillary surgery or complete ALND. Here too, after a median follow-up of 9.25 years, there were no significant differences in recurrence rates locally (5.6 % in the ALND arm vs. 3.8% in the "SLNB only" arm; p = 0.13) or in the axilla (0.5 % in the ALND arm vs. 1.5 % in the "SLNB only" arm), nor in locoregional recurrence-free survival (p = 0.36) [9] . It is noteworthy that 4 of the total 5 axillary lymph node recurrences in the "SLNB only" arm (1.5 %) occurred within the first five years. Indeed, 3.6 % of cases in the "SLNB only" arm were found to have more than two macrometastases at definitive histology.
The previously mentioned limitations of the Z0011 trial (e.g. 37.5 % only SLN axillary micrometastasis, numerous violations of protocol during postoperative radiotherapy) lead to the com-▶ [11] , Dutch BOOG 2013-07 [12] , SINODAR ONE [13] ); inclusion of patients with SLNB before neoadjuvant systemic treatment, T3 tumours and male patients (SENOMAC [11] ); inclusion of patients with more than two macrometastases at SLNB (Dutch BOOG 2013-07, French SERC/IPC 2012-001).
The need for a second INSEMA randomisation
As a result of the ACOSOG Z0011 trial avoidance of ALND is regarded by many as standard. Thus in the USA 54 % of patients with one or two involved SLNs already no longer undergo complete lymphadenectomy [14] . The Oncology Working Group -Breast (AGO-Mamma) has given this approach (avoidance of complete ALND with one or two involved SLNs and breast conserving operation) a +/− recommendation, thus not yet declaring it standard [15] . The second INSEMA randomisation therefore deals with a still unresolved issue. In order to increase the power of validation studies investigators from the SENOMAC and INSEMA trials will aim for pooled analysis of BCT cases.
The following changes to recruitment for the second study question of the INSEMA trial are contained in the current protocol amendment #4: 1. Inclusion of patients with one to three macrometastases following SNLB; 2. German trial centres may recruit directly for the second randomisation.
In contrast to the ACOSOG Z0011where 37.5 % of patients "only" had axillary micrometastasisthe INSEMA trial will only include patients with macrometastasis, meaning that the axillary tumour load between the two study collectives will differ significantly [16] . It is also expected that postoperative radiotherapy in the two studies will not be identical. In the Z0011 approx. 50 % of patients received a so-called high tangent with significant dose to the axilla levels I and II; in addition 18.9 % of cases had received radiation to the regional lymph drainage areas, which was not consistent with protocol. On the other hand 11 % of patients did not receive postoperative whole-breast irradiation [17] . In the INSEMA protocol ascertainment of the actually administered radiotherapy dose for each axilla level was made a secondary study outcome. Also, a central review of the first three radiation treatment plans in each case was integrated. Up until the end of August 2016 144 radiotherapy protocols from 58 centres have been reviewed and are already complete for 24 centres.
Significance of transcapsular spread in involved lymph nodes
The prognostic significance of lymph node capsule infiltration and capsule rupture with extranodal tumour spread is controversial. For instance capsule infiltration/rupture was classified as pN1biii in the 5th edition of the American Joint Committee on Cancer (AJCC)'s "Cancer Staging Manual", but in the currently valid 6th edition is not specifically listed [18, 19] . In the ACOSOG Z0011 tri-al only "matted nodes" or evidence of macroscopic extranodal tumour ("gross extranodal disease") at the time of SNLB were exclusion criteria. In a current meta-analysis of 5 analysable studies including a total 624 patients (163 with, 461 without transcapsular spread) with a median follow-up of 58 months, patients with transcapsular spread had a significantly increased recurrence rate (RR = 2.07, 95 % CI: 1.38-3.10, p < 0.0001) and mortality (RR = 2.51; 95 % CI: 1.66-3.79, p < 0.0001) [20] . Other studies have shown, however, that extracapsular tumour spread ≤ 2 mm, and thus also capsule infiltration alone, did not significantly worsen prognosis [21] [22] [23] [24] . Capsule rupture itself has shown significant correlation with further involved axillary lymph nodes and other unfavourable tumour parameters. In a study that took the ACOSOG Z0011 criteria into account (pT1-2, cN0, ≤ 2 positive SLNs) only 1109 cases from a study population of 11 730 were found to have one to two positive SLNs on H & E staining. Of these, 30 % (n = 331) had capsule rupture (≤ 2 mm: n = 180; > 2 mm: n = 151) [22] . Local operative treatment i.e. complete axillary dissection does not appear to be necessary for transcapsular spread in the current era of modern multimodality treatment. In a study at the Memorial Sloan-Kettering Cancer Center in New York only 45 of 111 patients with capsule rupture underwent axillary dissection. After a median followup of 21 months there was not a single case of local recurrence among the 66 patients without complete axillary dissection [25] . There is currently no standard pathological definition of capsule rupture. Neoplastic emboli, nests of free tumour cells or marginal sinus metastases should not be documented as relevant transcapsular spread [20] . The pathological diagnosis "sentinel macrometastasis with transcapsular spread" does not preclude inclusion in the INSEMA randomisation 2, therefore there is no need for the INSEMA protocol to define these parameters. Other studies (e.g. AMAROS, SENOMAC) also recruit (or have recruited) cases with lymph node metastases and transcapsular spread.
Deciding on irradiation of the regional lymphatics depending on nodal status Three prospective randomised trials (MA.20, EORTC, French-trial) [26] [27] [28] and one cohort study (DBCG-IMN) [29] have dealt with the effects of irradiating the regional lymphatics (parasternal ± supraclavicular) in patients with node-positive or node-negative high-risk tumours or tumours with medial location. All three randomised trials found no significant advantage for overall survival (primary study outcome) after a follow-up period of 10 years. A meta-analysis of these three trials did however show a significant effect (HR 0.90; 95 % CI: 0.82-0.99) [30] . The Danish cohort study DBCG-IMN achieved its primary study outcome (significant difference in overall survival after 8.9 years: 75.9 % with and 72.2 % without parasternal irradiation; p = 0.005). This positive effect was however only demonstrated when ≥ 4 lymph nodes were involved. These data are confirmed by a Swedish cohort study in which irradiation of the regional lymphatics in patients with 1-3 involved lymph nodes was not associated with a survival advantage, only well-known side effects [31] . The AGO treatment guidelines give a single "plus" recommendation (= of limited use, may be used) to irradiation of regional lymphatics in the presence of 1-3 involved axillary lymph nodes only when further risk factors are present (medial/central tumour localisation, G2-3, ER/PgR negative, premenopause) [15] .
It must however be critically noted that in all the studies on regional lymphatic irradiation mentioned above, tumour biology in terms of intrinsic subtypes was not adequately taken into consideration, and systemic treatments did not match current standards (e.g. no anti-HER2) [32] . In addition, these study populations are not comparable with the INSEMA collective since they have a significantly higher proportion of node-positive cases (MA.20 trial: 90 % pN+, DBCG-IMN: 100 % pN+). The current INSEMA protocol (amendment #4) has adopted irradiation of the regional lymphatics as clearly indicated when 4 or more lymph nodes are involved (≥ stage pN2a).
Rate of axillary recurrence in studies using partial breast irradiation alone
It is currently assumed that in the context of BCT axillary recurrence is minimised by postoperative whole breast irradiation, even in patients with negative SLNB [33] . In practice there is significant incidental irradiation of the ipsilateral axilla, at least at level I, even when so-called "standard tangents" are used [34] . This is considered an important contributor to the results of the Z0011 trial. Modern radiotherapy techniques (e.g. RapidArc technology) may soon enable reduction of this "collateral" irradiation of the ipsilateral axilla.
With this in mind the interpretation of published studies with partial breast irradiation alone becomes more interesting. In this context, dependent on tumour localisation, the ipsilateral axilla levels may receive no or only very little irradiation. ▶ Table 3 summarises an analysis of 5 studies on this theme. Among these only the ELIOT study showed a significantly increased regional lymph node recurrence rate [35] . In contrast no significant difference was found between the different treatment arms in the TARGIT-A and GEC-ESTRO trials [36, 37] . One explanation for this is certainly the significantly higher proportion of node-positive cases in the ELIOT. Nevertheless the axillary recurrence rate of 1.4 % in the EL-IOT study, with intraoperative partial breast irradiation, is still very low. A meta-analysis of three studies, taking 5-8 years of followup into account, found no significant increase in axillary recurrence rate following partial breast irradiation alone [38] .
Thus there is no clear evidence that minimising postoperative radiotherapy of the remaining breast in a low-risk SLNB collective increases the axillary recurrence rate. It is still unclear whether the concept of avoiding SLNB can also be applied to patients receiving partial breast irradiation alone. Currently partial breast irradiation alone is not a treatment option for INSEMA trial participants. The results of SOUND and INSEMA will thus not be applicable to this patient group. This interesting and relevant question lends itself to an INSEMA follow-on project.
Deciding on systemic treatment and radiotherapy without knowledge of nodal status
With subtyping of breast carcinoma according to hormone receptor (HR) status, HER2 status, tumour grade and Ki-67 systemic treatment is planned according to the intrinsic tumour subtypes rather than nodal status [39] . Chemotherapy ± anti-HER2 therapy is always indicated for triple-negative and HER2 positive tumours (stage pT1b and above). There is consensus in all guidelines and treatment recommendations that chemotherapy is not automatically indicated for luminal-like tumours with axillary lymph node involvement [15, [40] [41] [42] [43] [44] [45] . In particular luminal-A subtype tumours with ≤ 3 involved lymph nodes can be sufficiently treated with endocrine therapy alone [46] . Analysis of the ABCSG-8 study (HR positive cases, endocrine therapy alone) using the PAM50 test to classify tumours according to intrinsic subtypes showed clear differences within the node-positive subgroup (n = 431) dependent on luminal status. The 10-year survival rate without distant metastases was 90.6 % for node-positive luminal-A patients and 71.0 % for node-positive luminal-B tumours [47] . Chemotherapy is indicated for the luminal-like subtype when 4 or more lymph nodes are involved (▶ Table 4 ).
Information on the number of involved lymph nodes is naturally missing for cases in the non-SLNB arm of the INSEMA trial. Following the AMAROS data analysis it was expected for INSEMA that approx. 3 % of all luminal-like tumours in a SLNB collective could potentially have more than three lymph nodes involved [48] . In the INSEMA control arm with SLNB after recruitment of the first 1001 patients only 11 of 771 cases (1.4 %) were found to have three or more involved lymph nodes. Of these 11 patients 8 had three, and 1 had 4, 5 and 6 involved nodes respectively so that the proportion of patients with the relevant pN2a tumour stage was only 0.375 %. Thus guideline conform systemic treatment is ▶ Table 3 Axillary recurrence rates in studies comparing whole breast vs. partial breast irradiation alone in the context of breast conserving treatment.
Study
Number of cases (n)
Proportion of pN+
Follow-up Regional lymph node recurrence (n) The discussion surrounding indications for irradiation of the regional lymphatics (excluding the axilla) dependent on nodal status/number of involved nodes (see above) is similarly controversial. Most guidelines and treatment recommendations regard more than three positive axillary lymph nodes as the only definite indication [49] . This however only applies to a few individual cases within the INSEMA cohort. The current version of the INSEMA protocol (amendment #4) has taken this treatment recommendation into account following the full text publication of the MA.20 and EORTC data.
Take Home Message
As anticipated there have been no unexpected results from the INSEMA trial after recruitment of the first 1001 patients. Acceptance of study participation is high among both patients and doctors. Fortunately economic aspects such as DRG downgrading (from DRG J07B to J25Z) through SLNB avoidance have not played an ostensible role for participating study centres. In the longer term however further negotiations with financing institutions/ medical insurance companies will be required in order to unlink the DRG from the SLNB procedure (as is already the case e.g. in Austria). The proportion of patients with pN0/pN1mi-status in the control arm where SLNB was performed is very high (83 % pN0, 3 % pN1mi). A degree of selection bias at the trial centres before recruitment is probably contributary, high-risk cases being more likely to receive neoadjuvant therapy. The field of neoadjuvant therapy also has approaches that attempt to reduce the radicality of axillary surgery, especially after publication of the SEN-TINA and ACOSOG Z1071 data. Postoperative treatment decisions with respect to adjuvant systemic and radiotherapy can be made in accordance with guidelines without knowledge of nodal status in almost all cases, based solely on available tumour parameters. Future studies should investigate the avoidance of axillary SLNB in patients with a mastectomy indication and in those with partial breast irradiation alone after breast conserving surgery.
▶ Table 4 Indications for adjuvant postoperative chemotherapy dependent on tumour biology according to the current St. Gallen consensus recommendations [46] .
MaCa-subtype Indications for postoperative chemotherapy Comments
Luminal-like ▪ grading G3 ▪ low-level ER/PgR expression ▪ high Ki-67 ▪ extensive lymphovascular invasion ▪ HER2 positivity (triple-positive) Not applicable to INSEMA patients in the non-SLNB arm: ≥ 4 positive axillary lymph nodes* [46] * … Expected rate of pN+ with ≥ 4 positive lymph nodes 3.7 % of the whole non-SLNB population (after AMAROS data [57] ). The proportion of luminal-like cases in INSEMA with pN+(≥ 4 LKs) will constitute 3 % of the non-SLNB population at most.
HER2 positive Chemotherapy in combination with anti-HER2 treatment from stage pT1b independent of nodal status
No anti-HER2 treatment at stage pT1a TNBC (triple-neg.) Chemotherapy regardless of nodal status ▶ 
